Abstract -This paper proposes a finite element method (FEM)-based model of an interior permanent magnet (IPM) motor having inter-turn faults. For more realistic simulation studies, the magnetic non-linearity is also considered and the circulating current effect causing motor parameter asymmetrical was analyzed. Also, it is analyzed in point of distortion of air-gap magnetic flux distribution caused deterioration of their torque.
I. INTRODUCTION
IPM motors operated as BLDC drives have been widely used and extended in many safety-critical application systems [1] . In such a system, high reliability of the motor is strongly required. So, many researches concerned with the turn faults modeling was performed using lumped parameters of magnetic equivalent circuit, which is not considered magnetic nonlinearity. Therefore, this paper proposes a nonlinear model of an IPM motor with inter-turn faults. The developed finite element model, which is integrated IPM type motor with a BLDC drive, used for analyzing the motor nonlinear characteristic under fault fraction variation.
II. INTER-TURN FAULT MODELING
A schematic of a turn fault is shown in Fig.1 
III. SIMULATION
This paper developed the FE model with the stator fault for considering magnetic saturation effect and analyzes the distributed characteristics of the motor. Fig.3 shows that the circulating current caused by the turn fault is generated by the interaction between the faulty shorted turn and the rotating air-gap magnetic flux. So, the circulating current is decreasing as the fault fraction increase. As shown in Fig.4 and Fig.5 , the magnetic flux is distorted by the input current waveform affected by the circulating current, which does not influence the torque characteristic directly. Fig.5 shows that the variation of magnetic flux density according to the rotational angle is changed by the magnetic flux generated by the circulating current in the shorted turn.
Result of Fig.6 shows that the distorted distribution of air gap magnetic flux by adding the magnetic flux by the circulating current generated the torque with high ripple.
IV. CONCLUSION
In this paper, the FEM-based nonlinear model for the stator inter turn faults in an IPM type BLDC motor is developed. The behavior of the IPM motor with a turn fault such as current, torque, etc. has been investigated through simulation results. From the results, we confirmed that the nonlinear modeling is distorted by the magnetic flux variation and the torque ripple of the motor increases. In the complete paper these points plus further experimental results and a detail of the proposed model will be given.
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